Provincial Devonian spores from South China, Saudi Arabia and Australia by Marshall, J.E.A. et al.
This is an author produced version of Provincial Devonian spores from South China, Saudi
Arabia and Australia.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/116933/
Article:
Marshall, J.E.A., Zhu, H., Wellman, C.H. et al. (4 more authors) (2016) Provincial 
Devonian spores from South China, Saudi Arabia and Australia. Revue de 
Micropaléontologie. ISSN 0035-1598 
https://doi.org/10.1016/j.revmic.2016.10.003
Article available under the terms of the CC-BY-NC-ND licence 
(https://creativecommons.org/licenses/by-nc-nd/4.0/
promoting access to
White Rose research papers
eprints@whiterose.ac.uk
http://eprints.whiterose.ac.uk/
1 
 
(QGHPLF'HYRQLDQVSRUHVIURP6RXWK&KLQD6DXGL$UDELDDQG$XVWUDOLD 
 
-($0DUVKDOODE+XDLFKHQJ=KXD&+:HOOPDQF&0%HUU\G<L
:DQJD+RQJKH;XD3%UHXHUH 
 
aState Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and 
Palaeontology, Chinese Academy of Sciences, Nanjing, 210008, China 
bOcean and Earth Science, University of Southampton, National Oceanography Centre, 
Southampton, SO14 3ZH, UK 
cDepartment of Animal and Plant Sciences, University of Sheffield, Alfred Denny Building, 
Western Bank, Sheffield S10 2TN, UK 
dSchool of Earth and Ocean Sciences, Cardiff University, Cardiff CF10 3YE, UK. 
eSaudi Aramco, Geological Technical Services Division, Biostratigraphy Group, 31311 Dhahran, 
Saudi Arabia. 
 
$EVWUDFW 
 
$ VSRUH DVVHPEODJH IURP Maoshanxiang, Yunnan, South China includes 
well known Mid Devonian spores including Archaeozonotriletes variabilis, 
Cirratriradites monogrammos, Grandispora libyensis, Geminospora lemurata, 
Cymbosporites magnificus and Ancyrospora spp. which constrain the age to 
Givetian (late Mid Devonian). There are also elements that occur in the Givetian 
of South China and Australia such as Archaeoperisaccus indistinctus (senior 
synonym of A. rhacodes) that also occur very rarely in Saudi Arabia. The 
Maoshanxiang assemblage also contains species of Rotaspora. In the Adavale 
Basin of Australia and Saudi Arabia there is a similar plexus of endemic species 
of Rotaspora but of Emsian age. In addition, there is a species of the 
morphologically distinct spore Tribojasporites, a genus that is was only known 
previously from the Emsian of Australia. The converse also occurs with spores 
such as Dictyotriletes biornatus, only previously known from the late Pragian to 
mid Emsian of Saudi Arabia, found as rare specimens in Maoshanxiang.  This 
demonstrates that the Maoshanxiang spore assemblage contains spores that 
are endemic to the northern margin of Gondwana but with younger ranges and 
represent relict populations that survived in isolation on the South China 
terrane. %ORRPV RI WKH K\GURGLFW\DFHDQ FKORURFRFFDOHDQ DOJD 0XVLYXP
JUDG]LQVNLL SUHYLRXVO\ NQRZQ RQO\ IURP 3RODQG DUH DOVR SUHVHQW DW
0DRVKDQ[LDQJ 
 
.H\ZRUGV'HYRQLDQPLRVSRUHVVWUDWLJUDSK\&KLQD6DXGL$UDELD$XVWUDOLD
ELRJHRJUDSK\ 
 
&RUUHVSRQGLQJDXWKRU 
(-PDLODGGUHVVMHDP#QRFVRWRQDFXN-($0DUVKDOO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,QWURGXFWLRQ 
 
3UHVHQWGD\&KLQDLVDQDPDOJDPRIWHUUDQHV'XULQJWKH3DODHR]RLFDJURXSRI
WKHVHWHUUDQHVHJ,QGRFKLQD1RUWKDQG6RXWK&KLQD;LDRHWDODQG
)LJZHUHVSUHDGDFURVVWKH3DODHR-$VLDQ2FHDQLQFOXGLQJDVHULHVRIYROFDQLF
DUFVWKH$OWDLGVWKDWLQWHUPLWWHQWO\OLQNHGWKURXJKWR6LEHULDDQG.D]DNKVWDQ
;LDRDQG6DQWRVK7KHVHWHUUDQHVFRDOHVFHGDVSDUWRIDFRQWLQXLQJ
VHULHVRIFROOLVLRQVGXULQJWKH3DODHR]RLFDQGHDUO\0HVR]RLF7KHGLVWULEXWLRQRI
WKHVHGLVSHUVHGWHUUDQHVDQGWKHLUSDODHRIORUDVLVRIVRPHVLJQLILFDQFHDVWKH\
DFWHGDVJDWHZD\V;XHWDOIRUWKHPLJUDWLRQRI'HYRQLDQSODQWV
GXULQJWKHJOREDOVSUHDGRIWKHILUVWIRUHVWV 
2QHNH\FKDUDFWHULVWLFRIWKH'HYRQLDQIDXQDVRQWKHVHWHUUDQHVZDVHQGHPLFLW\
WKDWZDVSDUWLFXODUO\GHPRQVWUDWHGE\WKHKLJKO\XQXVXDOHDUO\'HYRQLDQIRVVLO
ILVKIURP6RXWK&KLQD=KDRDQG=KX6LPLODUHQGHPLFLW\LQWKHSODQWV
DQGVSRUHPLFURIORUDVLVQRWVRREYLRXVDOWKRXJKWKHIORUDVDUHFOHDUO\GLIIHUHQW
:DQJHWDOJHQHUDOO\ODFNLQJVRPHPDMRU'HYRQLDQSODQWJURXSV
HJSURJ\PQRVSHUPVDQGDUHYHU\PXFKGRPLQDWHGE\O\FRSRGV 
7KLVFRQWULEXWLRQIRFXVHVRQ'HYRQLDQGHSRVLWVLQ<XQQDQRQWKH6RXWK&KLQD
%ORFN+HUHWKH\RXQJHU0LG'HYRQLDQ*LYHWLDQVSRUHIORUDVZHUHGHVFULEHGLQ
DQXPEHURIPRQRJUDSKVE\/XDQG2X\DQJDQG/XDEXW
ZLWKIHZXQLTXHPRUSKRW\SHVWKDWDUHXQNQRZQHOVHZKHUHLQWKH'HYRQLDQ
+HUHZHLQWURGXFHWKHVSRUHPLFURIORUDIURPDQHZVHFWLRQRIWKH+DLFNRX
)RUPDWLRQDW0DRVKDQ[LDQJ)LJLQ<XQQDQ7KHVHDUHDOVRODWH0LG
'HYRQLDQLQDJHEXWFRQWDLQDQXPEHURIGLVWLQFWPRUSKRW\SHV:HFDQQRZ
XQGHUVWDQGWKHLUVLJQLILFDQFHIROORZLQJWKHUHFHQWSXEOLFDWLRQVE\FROOHDJXHV$O-
*KD]L%UHXHUHWDO%UHXHUDQG6WHHPDQV%UHXHUHWDO
RQWKH&,036DXGL$UDPFR3URMHFWWKDWKDVILOOHGDQLQIRUPDWLRQJDSRQ
WKH$UDELDQ3ODWH7KLVHQDEOHVDPRUHGHWDLOHGFRPSDULVRQRIVSRUHUDQJHVDQG
ELRJHRJUDSK\EHWZHHQ$UDELD&KLQDDQG$XVWUDOLD 
 
 
0DWHULDODQGPHWKRGV 
 
,QDVPDOOVHWRI+DLFNRX)RUPDWLRQVDPSOHVZHUHFROOHFWHGIURPD
VHFWLRQDW0DRVKDQ[LDQJ:KHQWKHVHSURYHGWRFRQWDLQDYHU\LQWHUHVWLQJ
DVVHPEODJHWKHORFDOLW\ZDVUHYLVLWHGDQGDFORVHO\VSDFHGVHWRI
VDPSOHVFROOHFWHGWKURXJKDPHDVXUHG)LJDQGLQWHUQDOO\FRUUHODWHGVHFWLRQ
7KHVHVDPSOHVZHUHSURFHVVHGE\VWDQGDUGSDO\QRORJLFDOPHWKRGVRI+&O
WRUHPRYHFDUERQDWHVIROORZHGE\GHFDQWZDVKLQJWRQHXWUDOWKHQ
GHPLQHUDOLVDWLRQZLWKFROG+)7KHVDPSOHVZHUHDJDLQZDVKHGWRQHXWUDO
DQGWKHQVLHYHGDWP$Q\UHPDLQLQJQHRIRUPHGIOXRULGHVZHUHUHPRYHG
ZLWKDVLQJOHWUHDWPHQWLQKRW+&OIROORZHGE\UDSLGGLOXWLRQLQZDWHUDQG
WKHQUHVLHYLQJDWPEHIRUHVWRUDJHLQDYLDO5HVLGXHVZHUHWKHQPRXQWHG
LQ(OYDFLWH5, 6RPHUHVLGXHVZHUHIRXQGWRFRQWDLQ$20VRWKLV
ZDVSUHIHUHQWLDOO\IUDJPHQWHGZLWKDVHFRQGWUHDWPHQWZLWKD6RQLFVDQG
0DWHULDOVXOWUD-VRQLFSUREHIROORZHGE\UHVLHYLQJDWPWRVHSDUDWHWKH
SDO\QRPRUSKV$OOWKHPDWHULDOZDVDWDORZOHYHORIWKHUPDOPDWXULW\JHQHUDOO\
3 
 
\HOORZDQGRUDQJHVSRUHFRORXUVDQGGLGQRWUHTXLUHDQ\R[LGDWLRQ6HOHFWHG
VDPSOHVZHUHDOVRWRSVLHYHGDWPIRUPHJDVSRUHVZKLFKZHUHSLFNHGLQ
ZDWHUXQGHUDORZSRZHUVWHUHRVFRSLFPLFURVFRSH7KHVHSLFNHGPHJDVSRUHV
ZHUHDOVRPRXQWHGLQ(OYDFLWH 
 
7KH3DO\QRORJLFDO$VVHPEODJH 
 
7KHSDO\QRORJLFDODVVHPEODJHFRQWDLQVDQXPEHURIGLVWLQFWLYHVSRUHVWKDW
RFFXUUHGYHU\ZLGHO\DFURVVWKH'HYRQLDQFRQWLQHQWV0DQ\RIWKHVHVSRUHV
KDYHEHHQXVHG]RQDOO\$OWKRXJKPRVWRIWKHLULQFHSWLRQVKDYHRQO\EHHQ
FRQRGRQWFDOLEUDWHGLQ(XURSHWKHLUVHTXHQWLDORFFXUUHQFHHJEURDGO\LQWKH
VDPHRUGHUEHWZHHQ&DQDGDDQG$XVWUDOLD0F*UHJRUDQG3OD\IRUG
GHPRQVWUDWHVWKDWWKH\IRUPWKHEDVLVRIDQLQWHUQDWLRQDO]RQDWLRQ,Q
0DRVKDQ[LDQJWKHVH]RQDOO\LPSRUWDQWVSRUHVLQFOXGH*UDQGLVSRUDOLE\HQVLV
3ODWH)LJPLG(LIHOLDQWR"HDUO\)UDVQLDQ%UHXHUDQG6WHHPDQV
&LUUDWULUDGLWHVPRQRJUDPPRV3ODWH)LJZLWKDODWH(LIHOLDQLQFHSWLRQDQG
DUDQJHLQWRWKHPLG*LYHWLDQ$YNKLPRYLWFKHWDO$UFKDHR]RQRWULOHWHV
YDULDELOLV3ODWH)LJZKLFKKDVDQHDUO\*LYHWLDQLQFHSWLRQLQ3RODQG
FDOLEUDWHGZLWKFRQRGRQWV7XUQDXDQG1DUNLHZLF]DQG&\PERVSRULWHV
PDJQLILFXV3ODWH)LJZKLFKKDVDQLQFHSWLRQZLWKLQWKH*LYHWLDQVHH
GLVFXVVLRQLQ;XHWDO$QRWKHULPSRUWDQWVSHFLHVLV*HPLQRVSRUD
OHPXUDWD3ODWH)LJWKHPLFURVSRUHRIWKHDUFKDHRSWHULGDOHDQ
SURJ\PQRVSHUPVZKLFKRFFXUVZLGHO\DFURVV(XUDPHULFDDQG*RQGZDQD
$OWKRXJKLWVLQFHSWLRQLQ(XUDPHULFDLVHDUO\*LYHWLDQLWVFRQRGRQWDPPRQRLG
FDOLEUDWHGILUVWRFFXUUHQFHLQ$XVWUDOLDLVODWH*LYHWLDQ*UH\,W
RFFXUVYHU\UDUHO\LQ&KLQDDVPRVWDVVHPEODJHVDUHGRPLQDWHGE\DGLYHUVLW\
RIO\FRSRGVWRWKHH[FOXVLRQRISURJ\PQRVSHUPV$OVRSUHVHQWDUHERWK
PLFURVSRUHVDQGPHJDVSRUHVZLWKELIXUFDWHWLSSHGSURFHVVHVWKDWEHORQJZLWKLQ
$QF\URVSRUDVSS3ODWH)LJ6XFKELIXUFDWHWLSSHGVSRUHVDUHHQWLUHO\
FKDUDFWHULVWLFRIWKH0LGDQG/DWH'HYRQLDQ7KHVHVHOHFWHGWD[DGHPRQVWUDWHD
*LYHWLDQaPLG-ODWHDJHIRUWKH0DRVKDQ[LDQJVHFWLRQ 
,QDGGLWLRQWRWKHVHFRVPRSROLWDQ'HYRQLDQVSRUHVWKHUHDUHDOVRORFDO
HQGHPLFVVXFKDV&HUHXVLVSRULWHVPLUDELOLV3ODWH)LJZKLFKKDVDYHU\
GLVWLQFWLYHVFXOSWXUHDQGLVRQO\NQRZQIURP<XQQDQ/XDQG2X\DQJ 
$QRWKHUHQGHPLFEXWZLWKDEURDGHUUHJLRQDOGLVWULEXWLRQLV
$UFKDHRSHULVDFFXVLQGLVWLQFWXV3ODWH)LJWKDWLVQRWRQO\ZLGHO\
GLVWULEXWHGDFURVV&KLQD/XE*DRLQFOXGLQJWKH$OWDLG$UFVRI
;LQMLDQJ=KXHWDOEXWDOVRRFFXUVLQ$XVWUDOLD+DVKHPLDQG3OD\IRUG
DVERWK$GLVWLQFWXVDQG$UKDFRGHV7KHODWWHUVSHFLHVFDQEHLQFOXGHG
ZLWKLQWKHLQWUDVSHFLILFYDULDWLRQRI$GLVWLQFWXVIRXQGLQDVVHPEODJHVIURPWKH
+DLFNRXZKLFKLVWKHW\SHIRUPDWLRQIRUWKHVSHFLHV/X
$UFKDHRSHULVDFFXVKDVDOVREHHQUHSRUWHGYHU\UDUHO\IURP6DXGL$UDELDDV$
FIUKDFRGHV%UHXHUDQG6WHHPDQVDQG,UDQ+DVKHPLDQG7DEH 
7KHILQDOJURXSRIHQGHPLFVDUHWKRVHWKDWZHUHRQO\SUHYLRXVO\UHFRUGHG
IURPVLQJOHDUHDV7KHVHLQFOXGHH[DPSOHVIURPERWK6DXGL$UDELDDQG
$XVWUDOLDWKHWZRDUHDVWKDWUHSUHVHQWWKHJHRJUDSKLFDOO\FORVHVWPRQRJUDSKHG
'HYRQLDQVSRUHIORUDVWR&KLQD3HUKDSVWKHPRVWGLVWLQFWLYHRIWKHVHHQGHPLF
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VSHFLHVLV'LFW\RWULOHWHVELRUQDWXV3ODWH)LJZKLFKKDVWKHXQLTXH
FKDUDFWHULVWLFRIPXUDOULQJVEHLQJIRUPHGIURPGLVFUHWHFRQL7KLVVSHFLHVKDV
RQO\HYHUEHHQUHSRUWHGIURP6DXGL$UDELD%UHXHUHWDO%UHXHUDQG
6WHHPDQVZKHUHLWVVWUDWLJUDSKLFDJHUDQJHLVODWH3UDJLDQWRPLG
(PVLDQ 
$SHUVLVWHQWVSRUHW\SHIRXQGZLWKLQWKH0DRVKDQ[LDQJDVVHPEODJHKDVD
WULFUDVVDWHPRUSKRORJ\3ODWH)LJVDQGDVVXFKLVJHQHUDOO\SODFHG
ZLWKLQ5RWDVSRUDVSS7KHVHDUHNQRZQIURP$XVWUDOLDLQWKH$GDYDOH%DVLQ
+DVKHPLDQG3OD\IRUGZKHUHWKH\IRUPDGLVWLQFWLYHHOHPHQWZLWKLQ
WKHLU$VVHPEODJH,WKDWZDVGDWHGE\VSRUHVDVEHLQJ(PVLDQLQDJH7KH\ZHUH
DOVRSUHVHQWZLWKLQ$VVHPEODJH,,DJHHVWLPDWHGDV(LIHOLDQDQGHDUO\*LYHWLDQ
ZKHQWKH\FR-RFFXUZLWKERWK$QF\URVSRUDDQG$UFKDHRSHULVDFFXVEXW
GLVDSSHDUEHIRUHWKHLQFHSWLRQRI*HPLQRVSRUDOHPXUDWD$FRPSOH[RI
5RWDVSRUDVSHFLHVEXWSODFHGLQ&DPDUR]RQRWULOHWHVHJ&ILODWRIILLHWFLV
DOVRSUHVHQWLQWKH3UDJLDQDQG(PVLDQRI6DXGL$UDELD%UHXHUDQG6WHHPDQV
IXUWKHULQFUHDVLQJWKHUHJLRQDOFRPSDULVRQ 
$QRWKHUYHU\GLVWLQFWLYHPRUSKRORJ\IRXQGLQWKH0DRVKDQ[LDQJ
DVVHPEODJHLVDVSHFLHVRI7ULERMDVSRULWHV3ODWH)LJ7KHJHQXV
SUHYLRXVO\NQRZQRQO\IURPWKH$GDYDOH%DVLQLQ$XVWUDOLD+DVKHPLDQG
3OD\IRUGLVFKDUDFWHUL]HGE\WKHSUHVHQFHRIWKUHHDQQXODUWKLFNHQLQJV
FHQWUHGRQWKHSUR[LPDOIDFHV7KH$XVWUDOLDQW\SHVSHFLHV7VDMMDGLDHLV
VHSDUDEOHIURPWKHQHZ<XQQDQVSHFLHVRQWKHGHWDLORIWKHVFXOSWXUHDQG
RFFXUVRQO\LQ$GDYDOH$VVHPEODJH,RI(PVLDQDJH 
$FRPPRQVSRUHZLWKLQWKH0DRVKDQ[LDQJDVVHPEODJHLV=RQRWULOHWHVVS
$3ODWH)LJV-7KLVLVYHU\YDULDEOHLQPRUSKRORJ\DQGVL]H,WKDVD
IODQJHDQGW\SLFDOO\DGLVWDODQQXOXVRQVPDOOHUVSHFLPHQVWKLVFDQEHDGLVWDO
ERVV7KHVSRUHZDOOZLWKLQWKHGLVWDODQQXOXVFDQEHFRPHGHWDFKHGWRJLYHDQ
RSHUFXOXP7KLVLVVLPLODUWR=DUPLOODWXVIURPWKH*LYHWLDQRI6DXGL$UDELD
%UHXHUHWDO%UHXHUDQG6WHHPDQVEXWLVPRUHYDULDEOHZLWKD
OHVVGHYHORSHGIODQJHDQGWKHSUHVHQFHRIWKHRSHUFXOXP 
 7KHUHLVDPLQRUPDULQHFRPSRQHQWSUHVHQWZLWKLQVRPHVDPSOHVLQWKH
0DRVKDQ[LDQJDVVHPEODJHDQGWKHVHDUHUDUHDFULWDUFKVDQGPXFKPRUH
FRPPRQVFROHFRGRQWV+RZHYHUDWWKHEDVHRIWKH+DLFNRX)RUPDWLRQ)LJ
VDPSOH06;WKHUHLVDWKLQLQWHUYDOWKDWLVGRPLQDWHGE\FRHQRELDODOJDH
7KHVH3ODWH)LJKDYHWKHPRUSKRORJ\RISODQDUVKHHWVRIWKLQZDOOHG
HTXDQWFHOOVWKDWKDYHDSULPDU\HOHPHQWRIDFRHQRF\WHFOXVWHU$VVXFKWKH\
DUHLGHQWLFDOWR0XVLYXPJUDG]LQVNLL:RRGDQG7XUQDXDK\GURGLFW\DFHDQ
FKORURFRFFDOHDQDOJDGHVFULEHGIURPWKHODWH*LYHWLDQRI3RODQG7KLVUDQJHZDV
VXEVHTXHQWO\H[WHQGHGIURPWKH(PVLDQWR")UDVQLDQ)LOLSLDN7XUQDX
EXWVWLOOKDVRQO\EHUHFRJQLVHGIURP3RODQG6RWKHVSHFLPHQV
IURP0DRVKDQ[LDQJUHSUHVHQWDFRQVLGHUDEOHJHRJUDSKLFDOH[WHQVLRQ)URPWKHLU
ORFDODEXQGDQFHSRVLWLRQZLWKLQWKHVHTXHQFHDQGSUHVHQFHZLWKLQDPLQRU
PXGVWRQHLQWHUYDOLQIOXYLDOVHGLPHQWVWKH\UHSUHVHQWWKHUHVXOWVRIDFRHQRELDO
DOJDOEORRPZLWKLQDµIUHVK-ZDWHU¶SRRO 
 
&RQFOXVLRQ 
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7KHFRVPRSROLWDQHOHPHQWVLQWKHDVVHPEODJHGHPRQVWUDWHWKDWWKHDJHLV
FOHDUO\*LYHWLDQ,QDGGLWLRQWKHUHDUHUHJLRQDOHQGHPLFVVXFKDV$LQGLVWLQFWXV
WKDWDUHSUHVHQWLQ&KLQD$XVWUDOLDDQG6DXGL$UDELDDQGDSSHDUWRKDYHVLPLODU
DJHUDQJHV+RZHYHULWLVWKHQHZRFFXUUHQFHVRIHQGHPLFVSRUHVWKDWDUHWKH
PRVWLQWHUHVWLQJ7KHVHLQFOXGHVSRUHVWKDWZHUHRQO\NQRZQSUHYLRXVO\IURP
HLWKHUWKH$GDYDOH%DVLQLQ$XVWUDOLD7ULERMDVSRULWHVRU6DXGL$UDELD
'LFW\RWULOHWHVELRUQDWXVZKHUHWKH\KDYHUHVWULFWHGDQGROGHUUDQJHVWKDWGR
QRWRYHUODSZLWKWKHDJHRIWKH0DRVKDQ[LDQJDVVHPEODJH 
7KHVHHQGHPLFVIURP0DRVKDQ[LDQJDUHQRWUHJDUGHGDVUHZRUNHGVLQFH
WKH\DUHFRPSDWLEOHLQVSRUHFRORXUDQGSUHVHUYDWLRQZLWKWKHRWKHUHOHPHQWVLQ
WKH0DRVKDQ[LDQJDVVHPEODJH7KH\DOVRFRQWUDVWLQFRORXUWRVSRUHVIURPWKH
XQGHUO\LQJHDUO\'HYRQLDQ&XLIHQJVKDQ)RUPDWLRQ 
7KLVFDQEHXQGHUVWRRGLQWKHFRQWH[WRIWKH'HYRQLDQSDODHRJHRJUDSK\
RI6RXWK&KLQD)LJ3UHYLRXVVWXGLHVRISDO\QRORJ\LQ6RXWK&KLQDFRPSDUHG
WR;LQMLDQJ;XHWDOKDVVKRZQWKHUHZDVOLPLWHGDELOLW\RIWKH
SODQWVWRPLJUDWHEHWZHHQWKHGLIIHUHQWLVRODWHGWHUUDQHV*LYHQWKDWLQERWK
$XVWUDOLDDQG6DXGL$UDELDWKHVHHQGHPLFVSRUHVGRQRWRFFXULQWKHRYHUO\LQJ
(LIHOLDQDQG*LYHWLDQVHTXHQFHVWKDWRFFXULQERWKDUHDVWKHQWKH0DRVKDQ[LDQJ
UHFRUGVUHSUHVHQWUDQJHH[WHQVLRQVLHWKHVHDUHUDUHIRUPVWKDWKDYHVXUYLYHG
LQUHODWLYHLVRODWLRQLQWRWKH*LYHWLDQ7KHVHHQGHPLFVSRUHVKDYHDOVRQRW\HW
EHHQUHSRUWHGIURPRWKHU*LYHWLDQSDO\QRORJLFDODVVHPEODJHVIURP6RXWK&KLQD
VRKDYHDUHVWULFWHGGLVWULEXWLRQZLWKLQ<XQQDQDQGUHSUHVHQWUDUHµ(PVLDQ¶
UHOLFWVERWKZLWKLQWKHIORUDDQGZLWKLQWKHUHJLRQ7KHLPPHGLDWH
SDODHRJHRJUDSK\RIWKHILHOGORFDOLW\)LJ&DLDQG=KDQJZDVD
FDUERQDWHVKHOIZLWKLVRODWHGLVODQGVRQEDVHPHQWKLJKVVXUURXQGHGE\DQ
DSURQRIFODVWLFVHGLPHQWV7KHJHRJUDSKLFDOSDWWHUQRIWKHVHLVODQGVDOVR
FKDQJHGWKURXJKWKH'HYRQLDQ&DLDQG=KDQJZKHQLWZDVGULYHQE\
WKHLQWHUSOD\RIWHFWRQLFPRYHPHQWVVHGLPHQWVXSSO\DQG'HYRQLDQVHDOHYHO
)LJFDQRQO\EHDWLPH-DYHUDJHGLPSHUIHFWV\QWKHVLVDQGLQUHDOLW\WKHUH
ZRXOGEHPDQ\VPDOOHULVODQGV,WLVVXFKDVHWWLQJWKDWSRSXODWLRQVRIWKHUHOLFW
SODQWVZRXOGVXUYLYHRQWKHVHLVRODWHGLVODQGV2XUXQGHUVWDQGLQJLVIXUWKHU
FRPSOLFDWHGE\WKHIDFWWKDWPRVWRIWKH'HYRQLDQVHFWLRQVLQ6RXWK&KLQDDUH
UHODWLYHO\WKLQDQGKHQFHZHGRQ¶W\HWKDYHDVLQJOHVHFWLRQVXFFHVVLRQWKDW
GHPRQVWUDWHVWKHFRPSOHWHVHTXHQFHRISDO\QRORJLFDOHYHQWVWKURXJKWKH0LG
'HYRQLDQ 
+RZHYHUWKHVHUHVXOWVFOHDUO\HPSKDVLVHWKHQHHGWRXQGHUWDNH
V\VWHPDWLFVWXGLHVRISUH-*LYHWLDQVHFWLRQVZLWKLQ6RXWK&KLQDWRWUDFNWKH
LQFHSWLRQGHYHORSPHQWDQGGHFOLQHRIWKHVHHQGHPLFVLQFRPSDULVRQWRWKH
UHODWHG(DVW*RQGZDQDVHFWLRQVLQ6DXGL$UDELDDQG$XVWUDOLD,PSRUWDQWO\LW
VKRZVWKDWWKHKLWKHUWRXQNQRZQ(PVLDQVSRUHDVVHPEODJHVIURP6RXWK&KLQD
DUHOLNHO\WRUHVHPEOHWKRVHRIERWK$XVWUDOLDDQG6DXGL$UDELD7KH
SDO\QRORJLFDODVVHPEODJHVIURP$XVWUDOLDDQG6DXGL$UDELDDUHDOOIURPVXE-
VXUIDFHPDWHULDODQGWKHPDFURSODQWIORUDVDUHHVVHQWLDOO\XQNQRZQ&RQYHUVHO\
LQ6RXWK&KLQDWKHUHDUHPDQ\GHVFULEHG(DUO\'HYRQLDQIRVVLOSODQWVHJ+DR
DQG*HQVHOEXWIHZFR-SUHVHUYHGSDO\QRIORUDV7KLVDWOHDVWJLYHVVRPH
FOXHVDVWRWKHLGHQWLW\RIWKHVHXQNQRZQ$XVWUDOLDQDQG6DXGL$UDELDQIORUDV 
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,QDGGLWLRQWKHVHHPHUJLQJVLPLODULWLHVLQ(PVLDQSDO\QRIORUDVEHWZHHQ
6DXGL$UDELD6RXWK&KLQDDQG$XVWUDOLDVKRZWKDWWKHODWWHULVQRWDQLVRODWHG
HQGHPLFPLFURIORUDEXWSDUWRIDGLVWLQFWIORUDOSURYLQFHZLWKVKDUHG
SDO\QRORJLFDOHOHPHQWV 
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Fig. 1. Location of Maoshanxiang (MSX) on the South China Block. It is one of a 
series of isolated terranes within Palaeotethys that links northern Gondwana to 
Siberia. The location of the Devonian spore assemblages from Australia 
(Adavale Basin) and Saudi Arabia are also shown. Kaz, Kazakhstan; T, Tarim.  
Map from Domeier and Torsvik (2014). 
 
Fig. 2. Location of Maoshanxiang in Yunnan, China. The locality is off the X027, 
Luda Road. The insert map of China has Yunnan shaded grey. 
 
Fig. 3. Simplified stratigraphic section for the Haickou Formation from 
Maoshanxiang, showing location of selected samples.  
 
Fig. 4. Mid Devonian palaeogeography of Yunnan from Cai and Zhang (2009). 
Land is shaded grey with the clastic apron stippled. The carbonate facies are 
not shown for simplicity. Maoshanxiang is MSX. Other studied sections with Mid 
Devonian spores are shown: Yangliuhe, YLH; Longhuashan, LHS; Xujiachong, 
XJC; Yuguangcun, YGC.  
 
Plate 1. Mid Devonian spores from Maoshanxiang, Yunnan, China. The scale 
bars represent 10 µm. All spores are followed by a sample and slide number 
and England Finder reference. All figured specimens are in the collections of 
NIGPAS, Nanjing. Fig. 1. Ancyrospora sp, MSX14-24, pick 1, G21/1. Fig. 2. 
Archaeozonotriletes variabilis, MS09, V46. Fig. 3. Grandispora libyensis, MS12, 
F31/2. Fig. 4. Geminospora lemurata MS09, S49/4. Fig. 5. Cirratriradites 
monogrammos, MS09, X41/4. Fig. 6. Archaeoperisaccus indistinctus, MS09, 
U48/1. Fig. 7. Ceres, MSX14-25 pick 1, E25/2. Fig. 8. Cymbosporites 
magnificus, MS09, R35/1. Fig. 9. Musivum gradzinskii, MSX14-8, Q35/1. Fig. 
10. Dictyosporites biornatus, MS09, O41/2. Fig. 11. Tribojasporites sp, MS09, 
L46. Fig. 12. MS12, F32/2. Fig. 13. MS09, V35. Fig. 14. MS09, G30/4. Fig. 15. 
Rotaspora sp, MS09, Q38. Fig. 16. Rotaspora sp, MS09, X33/3. 
 
Appendix Cited spores and alga 
$UFKDHRSHULVDFFXVUKDFRGHV+DVKHPLDQG3OD\IRUG 
$UFKDHRSHULVDFFXVLQGLVWLQFWXV/X 
$UFKDHR]RQRWULOHWHVYDULDELOLV1DXPRYD$OOHQ 
&DPDUR]RQRWULOHWHVILODWRIILL%UHXHUHWDO 
&HUHXVLVSRULWHVPLUDELOLV/XDQG2X\DQJ 
&LUUDWULUDGLWHVPRQRJUDPPRV$UNKDQJHOVND\D$UNKDQJHOVND\D 
&\PERVSRULWHVPDJQLILFXV0F*UHJRU0F*UHJRUDQG&DPILHOG 
'LFW\RWULOHWHVELRUQDWXV%UHXHUHWDO 
*HPLQRVSRUDOHPXUDWD%DOPH3OD\IRUG 
*UDQGLVSRUDOLE\HQVLV0RUHDX-%HQRLW 
5RWDVSRUDVSS 
7ULERMDVSRULWHVVDMMDGLDH+DVKHPLDQG3OD\IRUG 
=RQRWULOHWHVDUPLOODWXV%UHXHUHWDO 
 
Musivum gradzinskii Wood and Turnau 2001 
